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Summary

This report describes, in some detail, two statistical tests which are
designed to be used when carrying out experiments to measure rarely
occurring events such as deck wetness. These tests will help to establish
more reliable wetness frequency results.

The report describes the theory involved and, by considering two examples
of wetness results, shows how the theory is applied.

The mean wetness frequency of the results from each tank can be
approximated by a normal distribution, each having its own mean and
standard deviation.

The examples in this report have shown that a reduction in run length for
experiments to measure deck wetness is possible by using the tests
described. '<.
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Notation

Roman

A Constant defining the Zone of Inferiority.

B Constant defining the Zone of Superiority.

C Constant defining the Critical Region.

E. Expected Frequency of Occurrence of Class i.
1

I Inferiority number after run m.
m

L Model Length.

LT  Tank Length.

m,N Run Number.r

N Number of Wave Encounters.e

N wi Number of Wettings on ith run.

N Random Variable (Numoer of Deck Wettings).w

N Sample Mean Wetness Frequency.W

N rI Number of runs needed to achieve 15 per cent

estimated standard error.

N w 5  Average Wetness Frequency after N runs.

N s Average Wetness Frequency after Termination
of Sequential Test.

0. Observed Frequency of Occurrence of Class i.

P. Sequential Probability Ratio Test.

s Sample Standard Deviation.

S Superiority Number after Run m.

V



Greek

a Probability of Rejecting a Null Hypothesis when it is true.

0Probability of Accepting a Null Hypothesis when it is false.

p True Unknown Mean Deck Wetness Frequency.

AO Estimate of the True Mean Wetness Frequency.

Al Lower Bound for Estimate of Mean Wetness Frequency.

A2 Upper Bound for Estimate of Mean Wetness Frequency.

a Standard Deviation.
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SEUENTIAL ANALYSIS: A METHOD FOR ESTABLISHING RELIABLE
RESULTS OF DECK WETNESS PERFORMANCE

By P Crossland

1. OBJECTIVE

It is current practice to do as many tank runs as is financially viable,
when carrying out model experiments to measure rarely occurring events such
as deck wetness, slamming, etc in irregular waves. The purpose of this
report is to describe some simple statistical tests which can be applied
after each tank run to assess whether further runs are required to
establish the wetness frequency more reliably.

2. INTRODUCTION

For the purpose of ship design, it is necessary to assess the deck wetness
frequency and compare results with different hull forms. Usually strip
theory is employed to calculate the rms relative motion at the bow. These
calculations have been found to underestimate the deck wetness frequency,
probably due to the inability to predict the bow 'swell up'. An
alternative is to carry out a series of experiments to measure rare events.
However, the dilemma encountered, when doing experiments to measure rare
events is in the determination of the run length required to obtain
statistics with some specified degree of reliability. It is desirable to
carry out a minimum number of tank runs yet still achieve results with a
certain degree of reliability.

Crossland and Lloyd (Reference 1) describe experiments carried out at
ARE Haslar to measure the deck wetness frequency of the S-175 container
ship in an ITTC two parameter wave spectrum. These experiments were part
of a collaborative exercise, organised by the 19th ITTC Seakeeping
Committee, to determine a more soundly based standard for the run length
required for experiments on rarely occurring events (Reference 2).

The results obtained by all participants are listed in Table 1. Taking
Participant 3 (ARE Haslar) as an example, the wetness frequency varies
between 2 to 14 events per tank run with a mean of 8.89 after 26 runs (See
Table 2). The question is whether this is an adequate estimate of the true
mean wetness frequency or whether more runs are required to improve the
accuracy of the estimate.

The conclusion reached in the ITTC study (Reference 2) was that a run
length equivalent to one hour at full scale would give wetness statistics
with some degree of reliability for conventional ships at conventional
speeds. The results contained a great deal of scatter and in some cases a
run length equivalent to one hour was not enough to give reliable
statistics. It was decided to develop tests to analyse the results as the
experiments progress, and to assess their reliability at each stage of the
experiment.

The report describes some of the basic assumptions made about the
statistical distribution of the wetness results. The author concludes
that, for the purpose of this exercise, the assumption of normality (for
the mean wetness frequency) is reasonable.



Two specific statistical tests are described. The first can be applied to
situations such as the collaborative experiments, where one model is tested
until the results obtained have some statistical reliability. Using this
test on the ITTC results, shows that the total run length can be reduced,
in some cases.

The second test can be applied to experiments such as those described by
Lloyd (Reference 3), where six different above water bow forms were tested
to establish the 'optimum bow' for deck wetness. In this case the total
required run length has also been reduced.

These tests provide a method of achieving wetness results with a specified
degree of accuracy and may lead to a reduction in the number of runs
necessary for experiments of this kind.

3. ASSUMPTIONS MADE ABOUT THE DISTRIBUTIONS

A problem that arises frequently in statistical work is in comparing a set
of observed and theoretical data. In the case of deck wetness the results
may suggest that the data comes from a normal distribution and extensive
statistical tests can be carried out on the wetness results such as those
given in Table 1 to establish whether or not they can be approximated by
normally distributed random variables. However, the tests detailed in this
report are statistical tests made on the mean of the wetness data taken
from each tank. So, despite the nature of the underlying statistical
distribution, it is pertinent to assume normality for the mean of the
distribution, given a sample size of at least eight runs.

Table 1 shows the wetness results for all participants and Table 2 gives
the mean and standard deviation of the wetness frequency from each of the
participants of the collaborative experiments. The results have been left
in dimensional form for the purpose of this exercise.

Although it is sufficient to assume that the mean wetness frequency of the
results comes from a normal distribution, the results for each tank have
their own random distribution and should be treated individually.

4. SINGLE MODEL TEST (TEST 1)

Having assumed that the mean wetness frequencies from each tank are
normally distributed random variables (Section 3), it is possible to use
the following statistical test.

4.1. Principle of Statistical Analysis

A statistical problem arises when the distribution of a random variable Nw
(eg the number of deck wettings per tank run) is unknown and conclusions
are to be made about N on the basis of a limited number of observations.

w

However, if the sample size is sufficiently large, ie N r 8, then the mean
r

wetness frequency per tank run, Nw ) can be approximated by the normal

distribution and:
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Rw - N(A,a2 )

and the probability of the absolute value of (Nwi - Nw) greater than a

certain value is represented by the shaded area shown in Figure 1(a), where
N . is a value of N .

If there were N r runs carried out as part of an experiment to measure deck

wetness frequency, and the number of wettings for each run were recorded as

Nwl , Nw2 ' Nw3 ' Nw4 ' Nw5 , Nw6 ...... I NwNr

EN .
Then, M is estimated by N w()

- w N
r

A statistical test must be applied which determines whether the mean
wetness frequency comes from a normal distribution with mean M0 or not.

This can be represented as two hypothesis, H0 and H, given as

H0  v H I

= P0  g 4p0

The test is called a composite hypothesis test.

if Nw - 01 > C reject H0

if Nw - 0 1  : C accept H0

Where C is a constant depending on the accuracy required (C defines a
critical region)

Suppose that the probability of rejecting H0 when it is true (type I error)

is given by a. Then a is known as the significance level of the test (or
test size). Size being defined as a measure of the tolerated error and is
given by

= P( I Nw - p0 I > C / U = )0 ) (2)

The above expression reads as 'a equals the probability of INw - A01 being

greater than C given that H0 is true (iep =0

with 0 a S 1

3



Re-write (2) as

f P w - ' 
> (3)

p (a2/N d J(a 2 /N2

By the Central Limit Theorem (Reference 4)

INw  - - N(0,1)

.(a 2IN r

and has the distribution shown in Figure 1(a), with y and a set to 0 and 1
respectively. The point at which equation (3) is satisfied is Z

These values are tabulated in all statistical tables, such as Reference 4,
and a sample of values for Z Q is given in Table 3.

a/2

So, from equation (3), the following expression is derived for C

c

J(aZ/N - Z c/2 = Z 1-a/2

By finding a value for C it can be concluded from the original statement
that

Reject Ho if INw - o I > ZI1-/ 2 J(aZ/Nr

and

Accept H0 0 - 0 5 1-a/2 J(a 2 /N)

In effect bounds have been defined on values of N that are acceptable for
w

a test of size k. However, if, as is often the case, the variance must be
estimated by the sample variance given by

-2
Z (N - N

S2  w
N -1

r

then the value of ZI_-/2 must be replaced by the Student, t-test variable,

tN -1,1-a/2 values for the t-test are given in all statistical tables, such
r

as Reference 4. Typical t-test distributions are shown in Figure 1(b).
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Now, the estimated standard error is given by

ESE = tN -1,1-a/2l(s2/Nr
r

The above is for a test of size a.

Alternatively, it could be said that

-N r- 1,1-a/2Js/ ' tN r-1 , 1-C/s/ ) )

is a (1-a) % confidence limit for INw - Ao I .

4.2. Results of Test 1

The test described above was used on a single model to determine when the
wetness results become statistically reliable. This analysis should not
start until a minimum of, say, 8 tanks runs have been carried out, ensuring
that any initial extreme wetness results will not have undesired effects
upon the results. Suppose that the required accuracy is 15 per cent,
Figure 2 shows the ESE as a function of run number N for participant 3.r
The error decreases as the experiment progresses until the ESE becomes less
than the required accuracy level and the experiment can be terminated after
15 runs.

Table 4 shows wetness results for each organiti . T- sho- s 1.. r.umb.er
of runs Nr1 5 needed to achieve an ESE of 15 per cent of the running mean.

An accuracy of 15 per cent ESE was chosen because tests of varying levels
of accuracy were carried out on the results from each tank and it was found
that 15 per cent was a level that was achievable by most tanks. A level of
10 per cent ESE was considered, but only 1 in 3 tanks could achieve this
level of accuracy. Also shown in Table 4 is the running mean wetness
frequ-icy N obrtined after the 15 per cent accuracy mark had been

achieved and the number of runs N required to achieve this accuracy.~r15

Analyses, in these cases, have been continued using the remaining data
supplied by each tank. The final sample mean N at the end of the

experiment is shown in Table 4 along with the percentage error between the
final mean and the running mean calculated at the 15 per cent ESE accuracy
level.

In most cases this error is below 10 per cent. This may seem strange given
that the ESE is 15 per cent. However, the ESE is an error estimate of the
actual mean (ie the average deck wetness after carrying out an infinite
number of tank runs) and not an ESE of the sample mean fouid at the end of
the experiment.

5. MULTIPLE MODEL TEST (TEST 2)

The next problem arises when the experimenter tries to compare the merits
of two or more bows, when considering deck wetness performance.

5



Lloyd (Reference 3) carried out a series of experiments to assess the
effect of above water hull forms on deck wetness. The experiments involved
running a model in irregular head waves, altering its above water bow form,
running again and then comparing the two performances. Eighteen runs were
carried out for each bow form (equivalent to about one hour full scale for
this model). The question is how many runs should be carried out to
establish which bow has a superior deck wetness performance. This section
describes a method of overcoming this problem. This form of analysis is
called sequential analysis.

5.'. Principle of Sequential Analysis

The sequential method of testing a null hypothesis H (for example, that
0

Bow A is better than Bow B) may be described as follows.

A rule is given for ma"ing one of the following three decisions at any
stage of the experiment:

a, To accept the null hypothesis H
0

. :D re-ect the null hypothesis H

0'

-. Ti cntinue the experiment by making an additional observation.

Sa ts .s carried out sequentially.

in avss should not start until eight runs have been carried out.
the basis of the first eight observations one of the three decisions

is made. :f the first or second decision is made, the experiment is
rminel, if the third decision is made a ninth observation is taken.

The pr:cess continues on the basis of the first nine observations and so on
tne first or second decision is made. There is a more detailed

Aesription c' the thecrv of sequential analysis in Reference 5.

A r-is of the relevant parts is as follows.

5. Z. Testing that the Mean of a Normal Distribution is less than a Given

This section deals with the problem of testing the hypothesis that p is
1ess than or equal to some specified value p'. This is analogous to
determining the most efficient deck wetness performance bow by considering
if the mean wetness frequency of a previously tested bow is reliably less
than or greater than the mean wetness frequency of the bow currently being
tested.

5.2.1. Tolerated Risks of Making Wrong Decisions

If u = u', the superiority or inferiority of the bow is indeterminate. The
preference for judging the bow as superior increases with decreasing value
of A when W < p', and the preference for judging the bow as inferior
increases with increasing value of g when > u'. So, it is possible to
find two values a1 and M2 (Al < U'< A 2 ): judging a truly superior bow as

6



inferior is considered an error of practical consequence if p 2 A2; for

values of p between pl and p2 the differences in performance are marginal.

Three regions are defined as follows:

a. The zone of superiority consisting of all values of p for which

A : A,

b. The zone of inferiority consisting of all values of A for which

A A2

c. The zone of indifference consisting of all values of p between
Al and p2.

After two values of AI and p2 have been chosen the tolerated risk of error

can be expressed as:

a. The probability of judging a truly superior bow as inferior
should not exceed c.

b. The prooability cf judging a truly inferior bow as superior
should not exceed 3.

Thus the tolerated risk of error can be characterised by four numbers 41,

a and 3.

The requirements regarding the tolerated risks of making errors are
satisfied by the sequential probability ratio test of strength (a, 3).

5.2.2. Formulation of the Problem (Sequential Probability Ratio Test)

Suppose the result of an observation is Nwi. The value of Nwi will vary

for each tank run then NW) mean of values Nwi, has the distribution, (as

found in Section 3).

w- N(A,o')

with unknown mean p and known standard deviation a and it is considered the
more desirable the smaller the value of p. It is possible to designate a
particular level p' such that the bow is judged to be superior if p < AI'

In the case of deck wetness the plan to test p < p, is of most interest.

Suppose that Nwl , Nw2. ..... etc represent the number of wettings observed

for tank run 1, 2, ... The probability density of the sample
(N 1 .. . .. . ,N wm) is given by

p 1 exp (-1/2a2 Z(Nwi- p l ) 2 )  (4)
im (2 r)m/2 m(

7



if . and by

Sexp (-1/2a2 Z(N 2)2) (5)
P2m j( m/2 m wi(Nwi

Aj2 7r) a 5

if A A2 (where m = Nr in these and subsequent equations.)

The ratio P2m /P1m is computed at each stage of the analysis (ie after each

tank run).

Then, there exist constants A and B (dependant on the tolerated risk of
error). So that additional runs are made as long as

B < P2m /P1m < A (6)

Then the experiment is terminated and the bow is judged to be superior if

P2m /P1m : B (7)

and the experiment is terminated and the bow is judged to be inferior if

P2m /P1m > A (8)

In reality A and B are indeterminate, but the following approximations are
made

Take A = (I - )/a

and B = 0/(1 - a)

For a and 0 defined earlier.

Now, from (4) and (5)

P2m exp(-I/a 2 Z(N - A2)2)

e1m exp(-/a 2 Z(N wi _ /i)2)

By simplifying (9), taking the natural logarithms of (6) .. (9) and
rearranging, the inequalities (6) ... (8) become,

l 02 < ENw < a loge((l1-)/z) + M 2"2 '411°e(/1)+ 2(A2+ IA " 2 - A, e2(I2 u

EN 2 loge (0/(1 - a)) +  +

8



ENw 2 loge((l - 6)/a) + M (p 2 + Al )wi 2 - '41

respectively.

The inspection plan will be as follows.

For each run m compute the superiority number.

S - log2 o (0/1( - a)) + m (A2 + Al)
m A2-A

and the inferiority number

2 m

m A2 - 4 lge(( - ()/) A2

The experiment will continue so long as

S < EN • < I (10)
m wi m

The experiment will terminate as soon as the inequality (10) is not

satisfied, the bow will be judged to be superior if

ZN . s S
wi m

and the bow will be judged to be inferior if

ZN . I
wi m

For the case when the variance a2 is unknown (as is the case here), the

sample variance s2 is used and must be recalculated after each tank run.

5.2.3. Choice of Values for a 1-u 2. a and B

As mentioned in Section 5.2.1, Pip p 2 ' a and 0 characterise the tolerated

risks and their values must be known before analysis can commence. Al and

12 define the zones of superiority and inferiority respectively and

so represent the points at which a change in mean wetness (due to bow shape
for example) is regarded as being significant. Values of ± 10 per cent of
the test mean p have been chosen for A, and p2 respectively. So,

Jl 
=  0.91, A2 =  1.1p

a and 0 represent the probability of committing two types of errors, and so
these have been chosen to be

9



= 0.05

= 0.05

Since 5 per cent probability of making an error is regarded as reasonable.

5.3.- Results of Test 2

Lloyd's actual wetness data have not been tabulated in any technical report
and are shown in Table 5. Also shown in Table 5 is the final ordering of
bow performance as concluded by Lloyd. These data have been used to test
the theory described in the previous sections.

The test procedure is as follows:

a. Choose any bow to begin with: for this example the chosen bow is

Bow 45.

b. Carry out 8 tank runs, then start analysis using Test 1.

Continue to add to the wetness results until the ESE falls below 15
per cent. Figure 3 shows the ESE as a function of run number for Bow
45. The probable error again decreases as the experiment progresses.
However, Lloyd only carried out 18 runs on this particular bow form
and so the experiment terminates even though the required accuracy
level is not reached. The sample mean obtained at this stage
(Ns5 = 3.94) is recorded and shown in Table 6. Let this be known as

trial 1.

c. Use Test 2.

Once reliable statistics have been obtained for Bow 45 using Test 1,
the next stage is the comparative test. Choose another bow to test
against the mean wetness frequency obtained from Bow 45, say Bow 50.
Call this comparison Trial 2, Figure 4 shows the total number of
wettings observed for Bow 50 as a function of run number. Also shown
are the zones of superiority, inferiority and indifference. The
wetness line remains within the zone of indifference until 13th run,
after which it can be concluded that Bow 50 is inferior to Bow 45.
So, it is now possible to order the bows in terms of deck wetness
performance as shown in Table 6. Continue the process, by testing
another bow, say Bow 40. Call it trial 3 and test it against the mean
wetness frequency of Bow 45. Figure 5 shows the total number of
wettings observed for Bow 40 as a function of run number, along with
the three zones mentioned above. Here, the process does not terminate
until all the available data have been used, so no conclusion about
which bow is superior can be drawn because at the termination stage
the sum number of wettings still lies within the zone of indifference.
This in effect is what might happen in an experiment situation, that
is, a conclusion must be drawn about the relative performance of the
two bows after a certain number of runs, and this conclusion may well
be that the performance of the bows is essentially similar.

10



The order of deck wetness performance can be updated at this stage and
is shown as the result of trial 3 in Table 6. Bow 40 has the same
performance as Bow 45 and the average of the mean wetness frequencies
subsequently becomes the test mean. This process continues until all
the bows have been tested.

6. CONCLUSIONS

This report has detailed a method of analysing wetness statistics as the
experiments progress, in an attempt to provide results that are
statistically reliable and to reduce the number of tank runs. Because of
the assumptions made, these methods should only be used as a rough guide to
rejecting inferior ship designs. However, the method, when applied to the
available data, produces results that are believable.

Table 4 shows the run lengths needed, for each participant of the ITTC
experiments, to achieve 15 per cent ESE. Now, considering only those tanks
who achieved the specified wave condition, the average run length needed to
achieve reliable results in about 174 model lengths. The recommendation
given in Reference 1 (based on subjective estimates of scatter) is for a
run of 200 model lengths to give statistically reliable results, but the
analyses described in this memorandum confirms that the run length could be
reduced to 170 model lengths.

A test has been demonstrated which assists in assessing the order of
superiority of modifications to hull forms aimed at reducing deck wetness.
The method has been applied to Lloyd's series of experiments on bow forms.
It should be noted that the test only determines the superior bow and
perhaps the second most superior. Subsequent inferior bows are ordered
according to their mean wetness frequencies. It is possible, if required,
to use test 2 extensively to determine the correct ordering of bows and to
assess the reliability of that order. For example, testing Bow 35 against
Bow 40 to determine which is superior etc.

It should be noted that the mean wetness frequencies, in this table are
calculated after the end of the sequential test.

The amount of runs saved will depend upon, most of all, the parameters used
to define the tolerated risks. (ie A4 p, V a and 6). It will also depend

upon the order in which the bows are chosen because the trial will
terminate more quickly if the difference in the mean deck wetness frequency
is large. So, this may determine the run order when carrying out
experiments of this type.

Simple computer programs can be written to analyse the results as the
experiment progresses thus assisting an experimenter in making quantitative
decisions.

The report detailed a method of analysing wetness results to obtain
reliable statistics. However, there is an inherent assumption that the
mean wetness frequencies from each tank are normally distributed random
variables. This assumption is valid for higher values of N . For lower

w
values the distribution becomes highly skewed since, the minimum mean
wetness frequency that can exist is zero. This is illustrated in Figure 6.
So, for deck wetness experiments, a sufficiently severe wave condition must

11



be chosen to establish a wetness frequency exceeding, say, 5 wettings per
tank run. However, the wave condition must not be so severe that a wetting
occurs at every wave encounter. In this case the number of wettings cannot
exceed the number of waves encountered N. and again the distribution will
become highly skewed.

7. RECOMMENDATIONS

The methods described in this report are designed to aid the experimenter
in assessing the relative merits of different ship designs when carrying
out experiments to measure deck wetness. The final decision, to reject a
design or not, inevitably lies with the experimenter. Whilst these tests
give the minimum requirements for reliable results, the experimenter should
strive to carry out as many runs as possible, within the necessary
constraints of time and cost, to obtain results that are as reliable as
possible.
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Table 1

WETNESS RESULTS OBTAINED AT FP (ALL PARTICIPANTS)

Run Participant
N r  Number of wettings Nw in each tank run

1 2 3 4 5* 6 7 8 9 10 11 12 13!

1 4 3 10 19 3 7 5 9 10 10 9 12 37 10 9
2 3 4 12 17 6 6 6 3 11 8 7 14 34 12 4'

3 1 2 11 13 4 1 0 10 11 7 8 14 24 9 4

4 2 3 6 15 5 5 3 7 9 8 9 12 25 11 3

5 1 4 12 14 6 3 3 13 10 7 9 13 23 12 6

6 3 3 13 11 1 8 8 10 11 7 6 9 26 11 5
7 4 2 14 15 2 4 1 15 11 10 5 13 25 12 7
8 0 2 8 14 1 6 5 10 9 7 3 13 24 12 8

9 2 3 8 11 3 3 2 9 11 6 8 11 24 10 8
10 3 3 13 12 1 2 3 11 7 6 8 12 22 11 7
11 2 4 7 12 3 3 2 10 10 4 6 7 8
12 4 4 6 16 4 6 10 11 6 5 4 15 8
13 4 2 10 14 4 6 5 8 8 8 9 14 4
14 3 1 9 13 2 5 3 12 8 8 8 7 6

15 4 2 8 16 5 3 1 7 9 8 7 8 12
16 5 4 4 18 5 3 1 7 9 5 7 10 6
17 3 2 8 14 3 3 2 13 11 7 9 9 10
18 2 2 11 14 4 3 1 3 11 9 6 11 10
19 2 3 2 15 4 3 1 7 5 8 7 8 6
20 2 4 8 15 3 1 2 8 10 7 10 13 8
21 1 4 4 15 3 2 4 7 7
22 4 1 7 6 4 9 5 10
23 3 3 13 3 3 8 8 8
24 3 8 3 8 5 8

25 1 5 3 9 7 7
26 4 14 10 5
27 3 5
28 4 5
29 2 6
30 2 4
31 4 7
32 4 5

33 4 5
34 2 9
35 2 5
36 0 6

37 2 12
38 2 6
39 2
40 2
41 2
42 2

* Results from three different Froude numbers Fn = 0.17, 0.21, 0.25

respectively
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Table 2

SAMPLE MEAN AND STANDARD DEVIATION OF WETNESS RESULTS

Organisation Sample Mean Sample Standard

Deviation

1 2.60 1.19
2 2.83 0.95
3 8.89 3.30
4 14.43 2.09
5* 3.73 1.93

6 9.80 2.32
7 9.00 1.94
8 14.32 1.80
9 7.40 1.73

10 11.25 2.51
11 21.40 9.85
12 11.00 1.02

13 6.95 2.33

Key: * Result for Fn = 0.25
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Table 4

SINGLE MODEL TEST

Tank LT N - N % Error

Lw r15 w15 i L

1 7.6 42 2.60 34 2.79 258 8
2 29.7 23 2.83 21 2.91 624 3
3 * 18.4 I 26 8.89 15 9.80 276 10
4 * 21.4 21 14.43 8 14.75 171 2

5 Did not achieve desired accuracy level
6 * 15.5 20 9.80 11 10.55 171 8
7 * 22.0 25 9.00 8 10.00 176 11

8 13.0 38 14.32 8 15.63 104 9

9 9.6 25 7.40 15 7.07 144 5
10 * 18.4 I 20 11.25 8 12.50 147 11
11 27.4 10 21.38 8 27.25 219 27
12 * 13.1 10 11.00 8 11.13 105 1
13 * 20.4 20 6.95 20 6.95 408 0

Mean run length of valid tests 174

Key: * Achieved wave condition specified by the ITTC Committee for the
purpose of the collaborative experiments.
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Table 5

RESULTS OF LLOYDS WETNESS EXPERIMENTS

Run Number of Wettings per Run

'Bow 30 35 40 45 50 55

WG120 4 4 3 3 5 2
i 158 4 4 6 6 5 4

194 5 4 4 4 4 2
229 2 6 5 5 7 6
265 5 5 5 5 7 4
301 2 3 2 2 3 1

WH120 0 2 2 2 4 3
172 2 3 5 5 2 3
207 2 2 4 4 2 3
242 5 - 5 5 6 5
277 3 4 3 4 4 1
312 2 6 5 5 5 4

WV120 3 3 4 4 6 4
174 2 2 2 2 6 1
209 1 1 2 2 3 1
244 3 3 4 4 5 4
279 3 4 5 5 4 3
314 4 4 4 4 8 4

Mean 2.89 3.53 3.89 3.94 4.78 3.11
Order 1 3 4 5 6 2
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Table 6

MULTIPLE MODEL TEST

Bow 45 50 40 55 35 30
Ns5

3.94 4.69 3.89 2.90 3.88 2.89

Ru 3 18 13 18 10 8 18

Trial 1 1

2 1 2

3 1 3 1

4 3 4 2 1

5 4 5 3 1 2

Final Order 5 6 4 2 3

Total number of runs 82
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